Protein motions play an essential role in many biochemical processes. Lab studies often quantify these motions in terms of their kinetics such as the speed at which a protein folds or the population of certain interesting states like the native state. Kinetic metrics give quantifiable measurements of the folding process that can be compared across a group of proteins such as a wild-type protein and its mutants.
Sample Results.
Protein G is a small two-state folder composed of a central α-helix and two β-hairpins. Nauli et al. [2] created two mutants of protein G, NuG1 and NuG2, that fold 100 times faster than protein G (Figure 1 ). We used our new MME to compute the relative folding rates of these two proteins on roadmaps that reached stable secondary structure formation order. Figure 1 shows the magnitudes of the 5 smallest eigenvalues. The smallest non-zero eigenvalues represent the rate-limiting barrier in the folding process. Therefore, they have the largest impact on the global folding rate. As seen in the magnitude of the second eigenvalue, protein G folds much slower than the two mutants, NuG1 and NuG1. Also, NuG1 and NuG2 fold at very similar rates. This matches what has been seen in lab experiments.
One example of a protein we have been able to study is the 86 residue all α protein, Acylcoenzyme A Binding Protein (ACBP). This protein has five helices and two tryptophans in the core of the protein. The folding of ACBP has been studied in the lab through tryptophan fluorescence, and it has been shown that it has a fast, two-state folder [1] . From our MMC Protein A NuG1 NuG2 Eigenvalue comparison Figure 1 : NuG1 and NuG2 are experimentally known to fold 100 times faster than protein G [2] . As seen in the magnitude of the second eigenvalue, protein G folds much slower than the two mutants, NuG1 and NuG1. Also, NuG1 and NuG2 fold at very similar rates.
Population Kinetics
Helix Formation Tryptophan Contact Formation Figure 2 : MMC results for all α protein ACBP kinetics, we see that ACBP exhibits a property similar to other all α proteins, continual formation of helix contacts and reaching the native state after the formation of many helix contacts ( Figure 2) . Also, since ACBP has two tryptophans in the core of the protein, we see a quick increase in the formation of these contacts around the same time we see the native state beginning to be populated, around time step 100. This could correspond to the packing of the structure and the formation of long-range interactions in the core of the protein. We also show this protein has similar kinetics to other all α proteins and other lab experiments on α proteins. Through the MMC technique we have been able to study population kinetics for proteins of various lengths and mixed structures. For more information, please visit our website at: http://parasol.tamu.edu/groups/amatogroup/research/folding/ or view our tech report [3] .
